We describe a case of fetal parvovirus B19 infection resulting in preterm birth and leading to hydrops fetalis requiring multiple in utero transfusions. The infant developed chronic postnatal anemia responsive to intravenous immunoglobulin therapy. Serum viral load decreased after immunoglobulin treatment but remained detectable for over 1 year.
Here and below, we use the terms viremia/viral load to refer to B19 DNAemia. Testing of amniotic fluid for cytomegalovirus and Toxoplasma gondii by PCR was negative. The mother reported no known parvovirus exposures and no history of fever, rash, or other symptoms of acute parvovirus infection during pregnancy.
Due to the degree of hydrops and suspected severe fetal anemia, percutaneous umbilical cord blood sampling (PUBS) and intrauterine transfusion of packed red blood cells (PRBC) were performed on 3 occasions, at 22 + 4, 23 + 0, and 24 + 3 weeks gestation. The preprocedure fetal hematocrit (Hct) levels for the 3 procedures were 8.3%, 16 .8%, and 10.4% , respectively, and the MCA Doppler peak systolic velocities were >1.5 multiples of the median in each case. After each of the PUBS procedures, MCA peak systolic velocities were noted to have normalized. Fetal magnetic resonance imaging at 23 + 3 revealed placentomegaly and normal central nervous system architecture.
The patient's mother subsequently presented with premature rupture of membranes and signs of preterm labor at 26 + 3, and the 932 gram neonate was delivered via cesarean delivery at 26 + 6. Apgar scores were 2, 2, and 7 at 1, 5, and 10 minutes of life, respectively. The newborn was emergently intubated because of respiratory depression and received chest compressions for 15 seconds. Initial physical examination was significant for hydrops with ecchymoses and petechiae across the torso ( present prior to chest compressions) and blood in the endotracheal tube. There was no hepatosplenomegaly. Pathologic examination of the placenta was notable for acute chorioamnionitis with funisitis and vasculitis of chorionic plate vessels and intervillous and subchorionic thrombus formation.
Initial postnatal studies demonstrated white blood cell count of 23 200/mm 3 , hemoglobin (Hgb) of 12.8 g/dL, Hct of 39.9%, and reticulocytes of 12.0%. The platelet count was 41 000/mm 3 . On the first day of life, the neonate received a platelet transfusion for thrombocytopenia and episodic bleeding from central line sites and into her endotracheal tube. She also underwent exchange transfusion for hyperbilirubinemia (maximum total bilirubin on day of life 1 was 14.8 mg/dL). By the second day of life, reticulocytes were noted to have dropped to 3%, with Hct stable at 35.5%. The neonate clinically stabilized over the following week, was extubated, and had no further evidence of bleeding. Over the following 2 months, however, her Hgb dropped to 6.8 g/dL, Hct decreased to 20.7%, and reticulocytes decreased to 0.6% ( Figure 1 ). She required PRBC transfusions on days of life 18, 33, 49, and 67.
Due to persistent anemia and low reticulocyte count, serum B19 PCR was obtained on day of life 76, showing a viral load of >1.38 × 10 10 IU/mL (equivalent to >1 × 10 10 viral copies/mL)-exceeding the threshold of detection of the assay. Serum parvoviral load was repeated on day of life 85 and remained greater than the limit of detection; concomitant Hgb was 7.9 g/dL, Hct 25%, and reticulocytes 0.4%. On day of life 89, the patient received intravenous Ig (IGIV) at a dose of 500 mg/kg for the diagnosis of pure red cell aplasia (PRCA) due to congenital B19 infection. Three days later, her parvoviral load had decreased to 210 000 IU/mL. Concomitant Hgb was 7.2 g/dL, Hct 21%, and reticulocytes 0.6%. Subsequently, 2 doses of IGIV at a higher dose of 1 g/kg were given on days of life 93 and 96. On day of life 99, the infant's parvoviral load had decreased further to 20 400 IU/mL, and her Hgb and reticulocytes increased to 9.1% and 15%, respectively. She was discharged.
The 2 weeks after discharge saw a further improvement in her Hgb and Hct; reticulocytes were 7.1%. Her parvoviral load continued to decrease to a nadir of 468 IU/mL on day of life 168. On day of life 289, her viral load was noted to have increased to 47 800 IU/mL despite a stable clinical course and normal hematologic parameters. A repeat dose of IGIV was administered on day of life 297 in response to the increase in viral load, but her viral load remained essentially unchanged (less than 2-fold decrease) over the next 3 months. Serum parvovirus serologies on day of life 370 were notable for a positive IgG and negative IgM. Her medical course has been complicated with issues with speech and swallowing secondary to a paralyzed vocal cord, but she has been advancing with respect to age-adjusted developmental milestones and has had no further episodes of anemia.
DISCUSSION
Parvovirus B19 is a small, nonenveloped single-stranded DNA virus. It is a common infectious human pathogen, with up to 50% of young adults and over 90% of elderly individuals being seropositive [1] . The virus causes a variety of clinical manifestations, from Fifth disease and polyarthropathy to myocarditis and neurologic manifestations including meningoencephalitis and stroke [2] [3] [4] . Transplacental transmission of B19 after maternal viremia can result in fetal hydrops or death [5, 6] . More rarely, congenital infection may be followed by persistent viremia in the neonate [7] [8] [9] [10] .
The cellular tropism of B19 is mediated by its recognition of the globoside (erythrocyte P antigen) receptor, and humans lacking this receptor are not susceptible to B19 infection [11] . During B19 viremia, reticulocyte levels decrease due to destruction of erythroid progenitors. Chronic infection with B19 can lead to PRCA in neonates, immunocompromised children, and adults [12, 13] . As noted in this case, B19 infection may induce thrombocytopenia, presumably through inhibition of megakaryocytopoesis [14] . Bony lesions have been described in congenital B19 infection [15] , but these were not noted on radiographs in the current case.
Diagnosis of B19 infection relies on either detection of specific antibodies or viral nucleic acids [16, 17] . Measurement of maternal B19-specific IgM is commonly used for assessment of maternal infection, although performance may vary by assay and may not be positive even in confirmed congenital B19 infection [18] , as demonstrated in the case presented herein. Detection of low-avidity anti-B19 IgG may suggest recent infection [19] , but this modality demonstrates lower sensitivity than PCR and is not currently in widespread clinical use. Polymerase chain reaction-based detection of B19 DNA in amniotic fluid is considered the optimal study for diagnosis of congenital infection [1] , and PCR may also be performed on infant serum or bone marrow. Maternal and fetal B19 viral loads are positively correlated, but fetal loads may exceed maternal ones by several orders of magnitude [20] . No viral inclusions were noted on histopathological examination of the placenta, and placental parvovirus PCR was not performed [21] .
Congenital B19 infection may lead to fetal anemia and hydrops [2, 6] . Successful intrauterine transfusion for B19-mediated hydrops has been reported in several case series [5, 7, 22] . One report of favorable fetal response to intrauterine therapy with B19 hyperimmune serum has been presented, but this strategy remains experimental [23] .
CONCLUSIONS
Only very limited data are available to guide treatment of postnatal PRCA due to in utero B19 infection. A small number of cases of neonates with anemia and documented persistence of B19 infection has been reported [8-10, 24, 25] . The infant in this case may have been at particular risk, because extreme prematurity would have limited transplacental transfer of maternal Ig. In general, close monitoring of serum Hgb, degree of reticulocyte response, and, in some cases, parvoviral load, in conjunction with transfusions in symptomatic neonates, have been performed [9, 10, 24, 25] . Treatment of B19-induced PRCA with IGIV therapy has been reported primarily in immunocompromised adults [13, 26] ; however, case reports exist of Ig treatment of neonates and infants with persistent anemia [7] [8] [9] [10] 24] . In several cases, stabilization of Hgb and/or decrease in parvoviral load were noted in neonates with PRCA after Ig therapy [7] [8] [9] [10] 24] . A standard Ig-dosing scheme for B19 treatment in neonates has not been established. Our patient responded well to 3 doses of 500-1000 mg/kg, leading to a significant decrease in viral load and increase in reticulocyte count. This case of long-term persistence of viremia with stable hematologic markers illustrates that ongoing positive serum parvoviral PCRs should be interpreted with caution in asymptomatic individuals with normal hematologic parameters. Parvovirus B19 load may be useful in distinguishing PRCA from the physiologic Hgb nadir and in assessing response to therapy in the neonatal period. However, the value of longitudinal monitoring of viral load in B19-infected infants in the setting of normal hematologic parameters is less clear and merits further investigation.
